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(54) [Title of the Invention] 

DEVICE FOR MANUFACTURING WIRING MASK CONSIDERING WIRING 

Delay 

(57) [Summary] 
[Purpose] 

The optimum line width and space for each wiring section is 
realized from the standpoint of the mask layout.' 
[Constitution] 

A mask layout is prepared in accordance with the graphic 
input through an information input means 1 by a mask layout means 
2, the data in a wiring section is detected from the mask layout 
pattern by an optimum line space calculation means 3, and the 
optimum line and space comprised with the smallest RC delay is 
found from the resistance and capacitance for each wiring 
section. The mask layout is modified so that the line and space 
of each wiring section becomes the optimum line and space 
calculated respectively by a layout data modification means 4. 

Key: (1) information input 
means; (2) mask layout means; 
(3) optimum line and space 
calculation means; (4) layout 
data modification means; (5) 
information output means; (6) 
data storage means (database) 
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[Claims] 
[Claim 1] 

A device for manufacturing a wiring mask provided with a 
mask layout means for preparing a mask layout in accordance with 
a graphic input through an information input means, an optimum 
line and space calculation means that detects the data in a 
wiring section from the prepared mask layout pattern and finds 
the optimum line and space with the smallest RC delay, and a 
layout data modification means that modifies the aforementioned 
mask layout so that the line and space of each wiring section is 
the respectively calculated optimum line and space. 
[Claim 2] 

The device for manufacturing a wiring mask of Claim 1 
wherein the aforementioned line and space calculation means 
calculates the manuf acturable minimum line width with respect 

to the provided wiring pitch and the RC product from the 
resistance and capacitance at three points of line width in the 
middle thereof, the minimum line width and maximum line width 
thereof are used if the RC is the smallest in the case of a 
minimum line width or maximum line width, the RC is calculated 
for multiple line widths between the minimum line width and 
the maximum line width lw when the middle line width RC is the 
smallest, and the line width is used where the RC is the minimum 
value . 
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[Claim 3] 

The device for manufacturing a wiring mask of Claim 1 or 2 
having the form of a wiring layer level difference and capacity 
simulation results as a database, and the aforementioned line and 
space calculation means retrieves the corresponding form of the 
level difference from the aforementioned database, reads out the 
capacitance thereof, and calculates the RC. 
[Detailed Specifications] 
[0001] [Field of Industrial Utilization] 

The present invention pertains to a device for manufacturing 
a mask pattern used in photolithography processes for 
semiconductor integrated circuit devices, and in particular, a 
device for manufacturing a wiring mask by which the wiring layout 
pattern of a wiring layer is manufactured. 
[0002] [Prior Art] 

In the process for manufacturing a semiconductor integrated 
circuit device (called LSI in the text that follows) , a layout 
editor is used for preparing the pattern layout for a wiring 
layer, diffusion layer, etc. This is realized with software on a 
computer. The LSI mask pattern is prepared by inputting the 
graphics of each layer from an external input device, such as a 
mouse or keyboard, by using a layout editor. There are graphic 
limits how many wiring line widths and spaces are there for each 
layer because of the design rule. This is determined by 
limitations, such as the minimum line width capable of being 
patterned chiefly from a manufacturing technology standpoint. A 



check of whether the prepared mask layout corresponds to this 
design rule is automatically performed by a computer. 
[0003] 

When the mask layout for a wiring layer is prepared, the 
delay due to the RC product of the resistance R and capacitance C 
thereof is important from the standpoint of determining the 
operating speed of the LSI. The product of R and C is referred 
to as RC delay, and if the line pitch is determined, a line width 
with the minimum RC may be determined. The relationship between 
the RC and the wiring width is exemplified in, for example, 
Figure 1 in the journal Solid State Technology (Japan, January, 

1992) . 
[0004] 

If a certain LSI is designed by a certain design rule, the 
wiring width and space of the LSI thereof are designed as uniform 
line width and space in accordance with the design rule thereof. 
This was also performed in the past by calculating the RC delay 
from the wiring capacity and resistance thereof with respect to 
the wiring layout pattern. Examples of such a design method are 
disclosed in the publication of Tokkai No. 1-130280 and 
publication of Tokkai No. 2-239373. 
[0005] 

The design rules for a multilayer metal wiring is determined 
from the following viewpoints if performance objectives for the 
LSI are provided collectively. (a) The pitch of the wiring metal 
is selected so that it matches the cell size and integration 



density. (b) The line width and length of the wiring metal and 
the thickness of the insulating film between the wiring layers is 
determined so that the performance of the LSI is ensured for 
considering the calculation results on the basis of a delay 
wiring model. (c) What kind of process is selected is determined 
mainly for the purpose of ease of manufacture. (d) The wiring 
dimensions, the interlayer insulating film thickness, the via 
hole dimensions, and the like are determined by the materials 
used, consistency of the process, reliability, etc. 
[0006] [Problems Which the Invention Intends to Solve] 

The RC delay is considered while determining the wiring line 
width and space width. The fringe capacity and the coupling 
capacity of adjacent wiring are also considered for the capacity, 
which is calculated under the worst circumstances for a single 
line. However, in an actual circuit, the conditions differ 
depending on the wiring section; hence, the line width and space 
regularly determined collectively for an LSI are sometimes 
optimum for one section, but not for another section. Thus, the 
objective of the present invention is to realize a circuit with a 
small wiring delay even with the same chip size by realizing the 
optimum line width and space for each wiring part from the 
standpoint of the mask layout in an actual circuit. 
[0007] [Means Used to Solve the Problems] 

The device for manufacturing a wiring mask of the present 
invention, as shown in Figure 1, is provided with a mask layout 
means 2 for preparing a mask layout in accordance with a graphic 



input through an information input means, an optimum line and 
space calculation means 3 that detects the data in a wiring 
section from the prepared mask layout pattern and finds the 
optimum line and space with the smallest RC delay, and a layout 
data modification means 4 that modifies the mask layout so that 
the line and space of each wiring section is the respectively 
calculated optimum line and space, 5 is a information output 
means that outputs the modified mask layout and 6 is a data 
storage means. 
[0008] 

In a preferred embodiment, the optimum line and space 
calculation means 3 calculates the manuf acturable minimum line 
width L^n, the maximum line width Lw corresponding to the 
minimum space, and the RC product of the resistance and 
capacitance at three points of line width in the middle thereof 
with respect to the provided wiring pitch. If the RC is the 
smallest in the case of the minimum line width or maximum line 
width, the minimum line width or maximum line width thereof is 
used. If the RC of the middle line width is minimum, the RCs for 
multiple line widths between the minimum line width and 
maximum line width Lw is calculated and the line width are 
determined so that the line width with the smallest RC is used. 
In a more preferred embodiment, the form of the level difference 
of the wiring layer and the simulation results of the capacity 
thereof are provided as a database. The optimum line and space 
calculation means 3 retrieves the corresponding level difference 



form from the database thereof, reads out the capacitance 
thereof, and calculates the RC. 
[0009] [Effects] 

The operation in the present invention will be explained by 
referring to Figures 1 and 2. The mask layout means 2 includes a 
layout editor that is used in the usual layout work, a device 
that automatically generates a layout pattern, etc. If the 
layout pattern is prepared, the data for a wiring part is 
retrieved from the layout pattern thereof first by the optimum 
line and space calculation means 3, and the wiring pattern is 
obtained as a two-dimensional pattern. The resistance R and 
capacitance^^ ^rd^ng_gart jiivjLded_into 

mu^^^ the retrieved data thereof for 

the wiring sections, and the. RC delay is calculated.^ At this 
time, the process parameters, such as the wiring resistivity, 
dielectric constant and the film thickness of the interlayer 
insulating f ilm, are stored in the data storage means 6 as the 
database, read out from the data storage means 6, and used in the 
calculation. The optimum line width and space are determined so 
that the RC delay is the smallest with respect to the provided 
pitch. The layout data modification means 4 modifies the layout 
data so that it is the line and space with the minimum calculated 
RC delay, and outputs this through the information output means 
5 . 

[0010] [Practical Example] 

As shown in Figure 3, as an example, a first layer of metal 
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wiring 14 and third layer of metal wiring 18 are formed parallel 
to each other so that they extend in the spatial in-plane 
direction. Second layers of metal wiring 15, 16 and 17 are 
inserted between the metal wiring 14 and 18 and formed in 
directions perpendicular to the metal wiring 14 and 18 through an 
interlayer insulating film 19 between it and the metal wiring 14 
and through an interlayer silicon oxide insulating film 20 
between it and the metal wiring 18. Turning our attention to the 
second metal wiring 16, the resistance R of the wiring 16 thereof 
is derived by calculating it from the thickness and width of the 
wiring layers and the resistivities. The capacity C is a sum of 
the capacities of the second layer wiring (between the wiring 16 
and wiring 15 and between the wiring 16 and wiring 17) , the 
capacity present between it and the first wiring 14 through the- 
interlayer insulating film 19, and the capacity present between 
it and the third wiring 18 through the interlayer insulating film 
20. In order to calculate the capacity between the wiring, it is 
also important to consider the fringe capacity; hence, the 
capacity may be found, for example, by utilizing a device 
simulator . 
[0011] 

The method for deriving the optimum line and space will be 
explained. When a pitch P is provided, as shown in Figure 3, the 
RC delay is minimized by optimizing the line width L and the 
space S for the optimum line and space, and therefore, an even 
higher speed operating wiring is obtained. The minimum line 



width and the minimum space capable of being patterned 

are present from a manufacturing technology standpoint. There is 
a tendency to refine these because of improvements in 
manufacturing technology and introduction of the latest 
manufacturing devices. If the pitch P is set to a pitch 
comprising and S^, the line and space cannot be modified. 

[0012] 

Except when this is not so, that is, when L and S are both 
minimum values, the data in the wiring section is derived from 
the mask layout data, as shown in Figure 3. The line width L and 
the space S are obtained from the mask layout data. The wiring 
film thickness and the interlayer insulating film thickness 
between the wiring layers are determined according to the 
manufacturing method; hence, the wiring cross sectional view may 
be derived easily from the data. 
[0013] 

Next, turning our attention to a certain wiring, such as the 
wiring 16 in Figure 3, the wiring resistance R and the wiring 
capacity C relevant to that wiring are calculated. In order to 
derive the minimum RC, the RCs in the case of and for (L 

at this time is L^) are calculated and the RC for the median 
thereof (L^ + L» x ) /2 is also calculated. The RCs at these three 
points are compared. If the RC is smallest in the case of L in or 
Iw/ the or at that time is used as the line width. If 

the RC is the smallest in the case of (Iw + Lw)/2, it is the 
minimum value for RC between and L MX ; hence, RCs are 
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calculated for multiple line widths between and L max and the L 

that provides the smallest RC is used as the line width. 

[0014] 

Another method for deriving the optimum line and space is a 
method in which the database having the optimum line widths as 
the data in accordance with conditions, such as the wiring film 
thickness, and the interlayer film thickness, is prepared and the 
optimum line and space is read out from the database thereof. If 
the optimum line width and space is determined in a certain 
wiring section, the layout data is automatically converted to the 
optimum value thereof in that wiring section. The optimum line 
width and space are also determined in the same manner for the 
other wiring section (s), and the layout data is converted to the 
optimum value (s) thereof. 
[0015] 

The wiring layer in the model in Figure 3 is flat, but a 
level difference is possible in the wiring layer because an 
actual interlayer insulating film is not flat. When this level 
difference is considered, it should be done so that the form of 
the level difference and the simulation results of the capacity 
thereof are maintained as the database, the corresponding form of 
the level difference is retrieved from the database thereof, the 
capacitance thereof is read out, and the RC is calculated. 
[0016] [Merits of the Invention] 

In the present invention, the line and space in the layout 
data are modified so that the RC delay of the line width is 
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smallest in each wiring section of the LSI ; hence, the line width 
and space are optimized for each wiring section. If it is an LSI 
with the same cell size, an even higher speed circuit may be 
realized. 

[Brief Description of the Figures] 

[Figure 1] is a block diagram that shows the present 
invention. 

[Figure 2] is a flow chart that shows an operation example. 

[Figure 3] is a cross section that shows a wiring example. 
[Explanation of the Codes] 

2: mask layout means; 3: optimum line and space calculation 
means; 4: layout data modification means; 6: data storage means 
[Figure 1] 

Key: (1) information input means; (2) mask layout means; (3) 
optimum line and space calculation means; (4) layout data 
modification means; (5) information output means; (6) data 
storage means (database) 

[Figure 2] 

Key: (A) Start; (B) Mask layout; (C) Detect wiring section; (D) 
Calculate RC delay from resistance and capacitance in each wiring 
layer; (E) Modify layout data to line and space with minimum RC 
delay; (F) End 

[Figure 3] 

Key: (P) Pitch; ® Wiring; © Wiring; ® Wiring 
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